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Description 

[0001] This invention is directed to a diagnostic system for a rotating electrical apparatus, in particular but not limited 
to an online system for diagnosing the condition and maintenance requirements of an operational motor. 

S [0002] Large motors require periodic preventive maintenance to ensure reliable and efficient performance over an 
operational lifetime. The requisite maintenance period is a function of a specific design of a particular motor. Reactor 
coolant pump (RCP) motors used in nuclear power plants, for example, are typically inspected annually, during refueling 
outages, and are disassembled for inspection or refurbishment every five to ten years. Significant time and field effort 
are required to disassemble such motors and perform the requisite inspections. 

70 [0003] A set of motors having an identical design are, nevertheless, different in terms of a variety of factors such as 
normal manufacturing tolerances, operating history and environment, and quality of maintenance. A pre-specified op- 
erating period, before motor inspection or maintenance, is an informed estimate of the appropriate operational schedule 
for a typical motor under recommended operating conditions. In some cases, the pre-specified operating period may 
be too long (e.g., where recommended motor operating parameters have been exceeded) and, hence, inefficient op- 

is eration may result at the end of the period. In other cases, the pre-specified operating period may be too short (e.g., 
where the motor has been relatively lightly loaded) and. therefore, unnecessary costs associated with outage time, 
manpower and material will be expended. Furthermore, where a RCP motor is located within a nuclear containment 
vessel, unnecessary human exposure to radiation would result. 

[0004] There is a need, therefore, for a system which accurately diagnoses the condition of an operational rotating 
20 electrical apparatus. 

[0005] This need is met by the invention claimed in Claim 1 . 

[0006] A system according to the pre-characterised part of claim 1 is described in EP-A-0 240 684. That system is 
designed to collect and store data over the long term, in order to construct a "biography" of the life of the motor This, 
it is said, will assist in determining future maintenance schedules. However, there is no provision or suggestion in EP- 
25 A-0 240 684 for the direct outputting of maintenance schedule infomnation as provided in the characterising part of 
claim 1 . 

[0007] The embodiment of the invention provides an online system for diagnosing operating conditions of a motor, 
in order to determine when motor maintenance is required. Motor sensors are provided which monitor various physical 
parameters (e.g., non-electrical or insulation-related conditions) and produce corresponding electrical signals. Signal 

30 converters transform the electrical signals to corresponding digital values. These values are collected by a processor 
which compares the values, or a trend of the values, with predetermined baseline values, or trends, associated with a 
newly manufactured or refurbished motor. The processor then makes recommendations for a motor maintenance in- 
terval, in order to provide optimum motor performance and availability at minimum cost and downtime. The motor 
maintenance Interval is a specific time or. alternatively, a more general time, such as the time of the next scheduled 

3S refueling outage. 

[0008] In the case of a RCP motor within a nuclear containment vessel, an intermediate data storage device collects 
the digital values corresponding to the electrical signals and communicates the digital values to a processor which is 
remotely located (e.g.. beyond a biological barrier, beyond the containment vessel, at an off-site location, etc.) from 
the RCP motor. 

40 [0009] The embodiment of the invention will now be described, by way of example, with reference to the accompa* 
nying drawings, in which: 

Figure 1 is a vertical cross-sectional view of a right half of a reactor coolant pump (RCP) motor; 

45 Figure 2A is a block diagram of a system having a local processor for diagnosing various operating conditions of 

a motor; 

Figure 2B is a block diagram of a system having an intermediate data storage device and a data highway for 
communicating various operating conditions of a motor to a remote diagnostic processor; 

so 

Figure 3 is a bk)ck diagram of an oil lift system for a motor having diagnostic sensors; 

Figure 4 is a cross-sectional view of an upper bearing assembly having diagnostic sensors; 

55 Figure 5 is a cross-sectional view of a lower radial bearing assembly having diagnostic sensors; 

Figure 6 is a partial block diagram and circuit diagram of a motor having a current transformer for diagnosing a 
condition of a plurality of bearing insulators; and 
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Figures 7A-7B are flowcharts of software routines executed by a processor, in order to perfoma motor data collec- 
tion, trending and diagnosis. 

[0010] Figure 1 illustrates a conventional reactor coolant pump (RCP) motor 2 to which the embodiment of the In- 
5 vention is applied, it being understood that the invention is applicable to any type of rotating electrical apparatus (e.g., 

a generator) operating in any environment including a hazardous environment, such as a nuclear containment vessel. 

The exemplary RCP motor 2 includes a central rotatable shaft 4 having a drive shaft coupling 6 at one end of the shaft 

4 for connection to a RCP (not shown), a rotor 8 having rotor windings 9 and a rotor core 10. and a flywheel 12. The 

exemplary flywheel 1 2 is located at the opposite end of the shaft 4 with respect to the drive shaft coupling 6. The RCP 
10 motor 2 further includes an upper bearing assembly 1 4, an air cooler 16, a stator 18 having a stator core 20 and stator 

windings 22, and a lower radial bearing assembly 26, all contained in a housing 30 having a motor mounting flange 

28. Alternatively, the RCP motor 2 may not have the air cooler 16. 

[001 1] Referring now to Figure 2A, the RCP motor 2 further includes an upper bearing oil heat exchanger 34 and an 
oil lift system 36. The RCP motor 2 is interconnected with a diagnostic system 32 which includes a plurality of sensors 

15 38a-38c, cables 40a-40c and analog to digital (A/D) converters 42a-42c. The system 32 also includes a processor 44. 
As will be described in detail below, the plural sensors 38 for the RCP motor 2 are positioned thereon and therein, in 
order to sense a plurality of operating conditions of the RCP motor 2. The sensors 38 are interconnected with the 
converters 42 by cables 40, such as the exemplary conventional twisted pair cables. Alternatively, coaxial cables, fiber 
optic cables or anyother suitable interconnection may be provided. Each of the converters 42 converts an electrical 

20 signal (e.g.. a voltage, a current, a resistance, etc. or an equivalent light beam) provided by a sensor 38 into a corre- 
sponding digital value for use by the processor 44. 

[001 2] The exemplary processor 44 includes a microprocessor 46, a port 47 having an attached printer 49, an input/ 
output (I/O) bus 48, a random access memory (RAM) 50 and a real time clock 51 . It being understood that the invention 
is applicable to any type of processor (e.g., a personal computer (PC), a mini-computer, a mainframe computer, or any 

25 other type of processing device), output device (e.g., a cathode ray tube (CRT), etc.), port or I/O bus (e.g., serial. RS- 
232, RS-422, parallel. VME, AT-bus, etc.). or memory (e.g.. EEPROM, disk, etc.). As will be described in detail below, 
the microprocessor 46 uses the I/O bus 48 to read digital values, representative of the electrical signals from the 
corresponding sensors 38, from the A/D converters 42. The microprocessor 46 then stores the digital values in the 
memory 50 for later use in diagnosing the operability of the RCP motor 2. Those skilled in the art will recognize that 

30 the location of the exemplary processor 44 is generally within several hundred feet of the exemplary RCP motor 2, in 
order to accommodate the capabilities of the exemplary cables 40. 

[001 3] Referring now to Figure 2B, the RCP motor 2 is interconnected by a local processor 45 with a remote diagnostic 
system 33. The remote diagnostic system 33 is interconnected with the local processor 45 by a local data highway 
controller 52 and a remote data highway controller 54. The operation of the exemplary processor 45 is generally the 
35 same as described above for the processor 44 (see Figure 2A). As will be described below, the processor 45 provides 
intermediate data storage for the remote diagnostic system 33. 

[0014] The controllers 52.54 are interconnected by a cable 56. It being understood that the invention is applicable 
to any type of data highway (e.g., a data acquisition network, a process control network, a wide area network, etc.) 
and any type of cable interconnection (e.g.. a coaxial cable, a fiber optic cable, telephone lines, etc.). In the exemplary 

40 embodiment, the cable 56 passes through a bulkhead 58 (e.g., a bulkhead connector, a penetrator, etc.) at a barrier 
60 (e.g., a biological barrier, a containment vessel, etc.). The controllers 52,54 provide a preselected periodic mapping 
of data specified by the remote diagnostic system 33 to and from the processor 45. The exemplary remote diagnostic 
system 33 has a processor 62 which is similar to the processor 44 (see Figure 2A) and includes a microprocessor 64, 
a port 65 having an attached printer 67, an I/O bus 66, a RAM memory 68 and a real time clock 69. In a manner similar 

45 to the operation of the processor 44. the microprocessor 64 uses the I/O bus 66 to read digital values, representative 
of the electrical signals from the corresponding sensors 38, and stores the values in the memory 68. The principal 
difference between the system 33 and the system 32 (see Figure 2A), being the intermediate data storage in the 
processor 45 and the intermediate data communicatfon by the controllers 52,54. 

[0015] Referring now to Figure 3, the oil lift system 36 generally surrounds the shaft 4 and includes an upper oil 
50 reservoir 70 (shown in shadow), a plurality of upper guide bearing shoes 72, a plurality of guide bearing oil spray 
nozzles 74, a plurality of upper thrust bearing shoes 76 and a plurality of lower thrust bearing shoes 78. Each of the 
shoes 76,78 has an input check valve 80. 

[001 6] A high pressure manifokJ 82 has a plurality of flow controllers 84 which are each interconnected by an oil line 
86 with a corresponding check valve 80. Each of the exemplary controllers 84 controls a flow of oil in the corresponding 
55 oil line 86 to the corresponding check valve 80 and limits the exemplary oil flow to approximately one quart of oil per 
minute. A separate oil line 88 connects the manifold 82 to the spray nozzles 74. 

[0017] An oil line 89 provides a return path for recirculating oil from the oil resen^oir 70 of the oil lift system 36. The 
oil line 89 connects the oil resen^oir 70 with an oil strainer 90. The strained oil Is recirculated by an oil pump 92 having 
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a drive shaft 93 which is driven by a motor 94. The pump 92, in turn, pumps the oil through a check valve 96. Next, 
the recirculating oil passes through a flowmeter 98 and an oil filter 100. Finally, an oil line 101 provides an entrance 
path for the recirculating, filtered oil to r enter the manifold 82. 

[001 8] A temperature, flow and pressure of the recirculating oil are monitored, respectively by exemplary diagnostic 
S sensors which include a temperature detector 1 02 which Is connected at an input 1 03 of the flowmeter 98, the flowmeter 
98, and a pressure transducer 1 04 which is connected at an output 1 05 of the flowmeter 98. Alternatively, the diagnostic 
sensors may include the flowmeter 98 and the pressure transducer 104, but not the temperature detector 102. Each 
of the sensors 98, 1 02, 1 04 have outputs 1 06. 1 08, 1 1 0, respectively, which are connected by cables 40 to A/D converters 
42 (see Figure 2A). The outputs 106.108,110 provide electrical signals (e.g., 0 to +10 VDC, +4 to +20 mA, a variable 
10 resistance, etc. or an equivalent light beam) which correspond to a rate of oil flow between the input 103 and the output 
105 of the flowmeter 98, an oil temperature at the input 1 03 of the flowmeter 98, and an oil pressure at the output 105 
of the flowmeter 98, respectively A pressure switch 107 ensures that there Is adequate pressure in the oil line 101 
during start-up of the RCP motor 2 (see Figure 1). 

[GDI 9] Figure 4 is a cross-sectionai view of the upper bearing assembly 1 4. The assembly 1 4 includes a thrust runner 

15 112 which is interconnected with the shaft 4, a guide bearing 11 4 for a vertical surface of the thrust runner 11 2. a guide 
bearing chamber seal 116, two thrust bearings 118,120 for two horizontal surfaces of the thrust runner 112, a runner 
seal 1 22, a guide bearing seal 1 24, a flywheel seal 1 26, a ratchet plate 1 28, a viscosity pump 1 30. a flow chamber 1 32 
for connection to the upper bearing oil heat exchanger 34 (see Figure 2A), and an oil bath 134. 
[0020] The assembly 1 4 has a plurality of sensors which include a radial position proximity probe 1 36 for determining 

20 a radial position of the flywheel 12, an axial position proximity probe 138 for determining a vertical position of the 
flywheel 12. a thrust load cell 140 for determining a load on the upper thrust bearing 118, three RTD's 1 42, 1 44, 1 46 for 
determining a temperature of the guide bearing 114 and the thrust bearings 118,120, respectively. The exemplary 
assembly 1 4 further has two proximity probes 1 48. 1 50 for respectively determining an orientation of the thrust bearing 
shoes 76,78 (see Figure 3) of the thrust bearings 118,120, and a temperature sensor 152 for determining an oil tem- 

25 perature in the flow chamber 132 at an. Inlet of the oil heat exchanger 34 (see Figure 2A). It being understood that 
alternative embodiments of the assembly 1 4 may eliminate the proximity probes 1 48, 1 50 and the temperature sensor 
1 52. The assembly 1 4 also has a temperature sensor 1 54 for determining an oil temperature in the oil bath 1 34, a level 
sensor 156 for determining an oil level in the oil bath 134, and two temperature sensors 158,160 (see Figure 2A) for 
determining a water inlet temperature and a water outlet temperature, respectively, of the heat exchanger 34 (see 

30 Figure 2A). 

[0021] Those skilled in the art will recognize that, in a manner similar to the operation of the sensors 98,102,104 
(see Figure 3). the sensors 136-160 also have outputs (not shown) which are cabled to respective ones of the plural 
A/D converters 42 (see Figure 2A). The converters 42. in tum, provide digital values to the processor 44 (see Figure 
2A) which correspond to the electrical signals provided by the sensors 136-160. The processor 44 further includes 
3S software routines which calculate, for example, for the upper bearing assembly 1 4, values representative of an efficiency 
of the upper bearing oil heat exchanger 34 (see Figure 2A). a load on the thrust bearings 118,120, a film thickness of 
oil on the thrust bearings 1 1 8, 1 20, a maximum temperature of the bearings 1 1 4, 1 1 8, 1 20, and various other parameters 
associated with oil lubrication. 

[0022] Figure 5 is a cross-sectional view of the lower radial bearing assembly 26. The assembly 26 includes a lower 
40 bearing seal 162, a lower guide bearing 164, a lower bearing insulator 166, and an oil bath 168 having a standpipe 
170, an oil pan 172 and a plurality of cooling coils 174. The assembly 26 has a plurality of sensors which include a 
radial position proximity probe 176 for determining a radial position of the shaft 4. plural i^D's 178 which are located 
close to a bearing surface of the guide bearing 164 for determining a temperature of the guide bearing, a temperature 
sensor 180 for detemnining an oil temperature in the oil bath 163. and a level sensor 182 for determining an oil level 
45 in the oil bath 168. 

[0023] Those skilled in the art will recognize that, in a manner similar to the operation of the sensors 98,102,104 
(see Figure 3). the sensors 176-182 also have outputs (not shown) which are cabled to respective ones of the A/D 
converters 42 (see Figure 2A). The converters 42. In turn, provide digital values to the processor 44 (see Figure 2A) 
which correspond to the electrical signals provided by the sensors 176-182. The processor 44 further includes software 
50 routines which calculate, for example, for the lower bearing assembly 26, various conditions of the guide bearing 164 
including clearance and alignment, an overall alignment of the RCP motor 2 (see Figure 1) with the RCP (not shown), 
and various other parameters representative of oil lubrication. The processor 44 may also include software routines 
which calculate values representative of a maximum temperature of the guide bearing 164. 

[0024] Referring now to Figures 2A and 6, a current transformer (CT) 184 surrounds the rotating shaft 4 above the 
55 rotor 8. The CT 1 84 has an output 1 85 which is connected by the cable 40 to the corresponding A/D converter 42 and, 
in tum, to the I/O bus 48 of the processor 44 (see Figure 2A). The CT 184 senses an alternating current I3 which flows 
in the shaft 4. As discussed bebw. the processor 44 monitors the current sensed by CT 184, in order to diagnose the 
joint operability of three insulators 190.192.194. 
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[0025] Continuing to refer to Figure 6. the thrust runner 112 of the shaft 4, as discussed above, rotates about the 
upper guide bearing 114 and the two thrust bearings 118.120. The shaft 4 also rotates about the lower guide bearing 
164. The upper bearings 114,118,120 are electrically connected at node 186 to the upper oil reservoir 70 (see Figure 
3). The exemplary lower bearing 164 is electrically insulated from a node 188 by the lower bearing insulator 166. 

5 Altematively, the insulator 166 is not provided and the lower bearing 164 is electrically connected to the node 188. 
Regardless, under normal operation of the RCP motor 2 (see Figure 1 ), a housing of the RCP (not shown) electrically 
connects the lower bearing 164 to the node 188. Accordingly, this shunts any direct current flow and, thus, protects 
the upper bearings 114,118,120 from any damage caused by direct current flow in the shaft 4. 
[0026] The node 188 is electrically connected to the stator 18 (see Figure 1) and is grounded to the housing 30 of 

10 the RCP motor 2 (see Figure 1 ). The exemplary bearings 1 1 4, 11 8, 1 20, 1 64 are separated from the shaft 4 by a corre- 
sponding oil film of approximately 0.005 inch thickness. Accordingly, those skilled in the art will recognize that the 
bearings 1 1 4, 1 1 8, 1 20, 1 64 are electrically connected, in both a resistive and a capacitive manner, to the shaft 4 by the 
corresponding oil film. 

[0027] An upper bearing electrical insulator 190 includes two layers of insulation 190a, 190b which are intemally 
IS connected at an intemal node 1 91 . The insulator 190 Insulates the node 186 and the upper oil reservoir 70 (see Figure 
3) from the ground at node 188. Similarly, a plurality of insulators, such as the exemplary two insulators 192,194, also 
insulate the node 186 and the upper oil reservoir 70 from the ground at node 188. 

[0028] Under normal operation of the RCP motor 2 (see Figure 1 ) the insulators 1 90, 1 92. 1 94 substantially electrically 
insulate the rotating shaft 4 and the bearings 114.118.120 from the RCP motor housing 30 (see Figure 1 ) and the stator 

20 18 (see Figure 1). In this manner, the insulators 190,192,194 substantially eliminate any current flowing in the motor 
shaft 4 and, therefore, any current flowing through the bearings 114.118,120. Accordingly, an increase in the alternating 
current I3 above a predetermined baseline value indicates a degradation of the insulators 190,192.194 (i.e., a corre- 
sponding Increase in alternating current flowing through the insulators) of the upper bearing assembly 1 4. Those skilled 
in the art will appreciate that a degradation of the insulator 166 of the lower radial bearing assembly 26 (see Figure 5) 

2S cannot normally be monitored because the housing of the RCP (not shown) effectively shorts the lower guide bearing 
164 to the node 188. 

[0029] Referring again to Figures 4 and 5. the upper bearing assembly 14 includes the flywheel seal 126 which, 
under normal operation prevents oil residue and oil vapor from entering a labyrinth section 203. Similariy, the lower 
radial bearing assembly 26 includes the lower bearing seal 162, which, under normal operation prevents oil residue 
30 and oil vapor from entering a labyrinth section 204. Two hydrocarbon vapor sensors 206,208 are positioned in the 
labyrinth sections 203,204. respectively. The sensors 206,208 effectively monitor the condition of the labyrinth seals 
1 26, 1 62 during normal motor operation. Oil reskJue or oil vapor may enter the labyrinth sectbns 203,204. for example, 
if there is a deformation of the fins of the seals 1 26. 1 62. or if a seal clearance (e.g., 0.009 to 0.01 2 inch in the exemplary 
embodiment) increases. 

3S [0030] Those skilled in the art will recognize that, in a manner similar to the operation of the sensors 98.102.104 
(see Figure 3), the sensors 206,208 also have outputs (not shown) which are cabled to the A/D converters 42 (see 
Figure 2A). The converters 42, in turn, provide digital values to the processor 44 (see Figure 2A) which correspond to 
the electrical signals provided by the sensors 206,208. 

[0031] Figures 7A-7B are flowcharts of software routines executed by the exemplary processor 44 (see Figure 2A), 
^0 in order to perform data collection, data trending and diagnosis of an Individual sensed value, or a derivative thereof. 
Referring to Figures 2A-2B and 7 A. the routine begins in response to a periodic timer interrupt of the clock 51. A test 
at step 250 examines a configuration flag (REMOTE) stored in memory 50 in order to determine whether a sensed 
value (S) is read from the local A/D converters 42 or from the data highway controller 54, If a remote value is used, 
then such value is read from the data highway controller 54 at step 252. On the other hand, if a local value is used, 
45 then such value is read from the A/D converter 42 at step 254. In either case, at step 256, a time value (T) is read from 
the real time clock 51 . At step 258 the time value (T) and the sensed value (S), obtained at either step 252 or 254, are 
stored in a data array in the memory 50. Then, at step 260, a comparison value (C) is determined as a f unctran of three 
variables: S. a predetermined baseline value (B), and a predetermined deadband value (D). The exemplary predeter- 
mined values B.D are stored in the memory 50 and are determined from baseline or calibration values for a particular 
50 parameter of RCP motor 2. Alternatively, the predetermined values B.D may be determined from other sensed param- 
eters of the RCP motor 2. The value of the predetermined deadband value (D) may be zero. An Equation for C is 
provided by: 

^ C = I(S-B)I-D Eq.(1) 

At step 262, if C is less than or equal to zero, which indicates that the sens d value (S) is within an acceptable prede- 
termined range for a new or newly refurbished motor, the routine exits. Otherwise, if C is positive, the processor 44, 
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at step 264, uses C to index a lookup table in memory 50 and determine a predicted time (M) of operability of the RCP 
motor 2 before motor maintenance or inspection is required. Alternatively, the lookup tab! may indicate that motor 
maintenance or inspection is required during the next scheduled outage. Finally, at step 266, the xemplary processor 
44 uses port 47 and outputs a report to printer 49. The report includes an identification of the s nsed parameter (S) 
5 and the predicted time (M). Alternatively, the report indicates that motor maintenance or inspection is required during 
the next scheduled outage. 

[0032] Referring now to Figures 2A-2B and 7B, Figure 7B is a flowchart of a software routine which calculates a 
derivative of the sensed values (S) from the data array of Figure 7A. in order to diagnose a period of operability of the 
RCP motor 2. The routine begins In response to a periodic timer interrupt of the clock 51 . At step 270, the processor 
10 44 determines a least squares linear approximation using the last N sets of variables (S,T) in the data array which is 
updated by the routine of Figure 7A. An Equation for the linear approximation Is: 



75 



25 



30 



35 



45 



S' = a(T'.T^)+b Eq. (2) 



where: 

a: is a slope which represents a derivative, dS/dt; 
^ b: is a value of S* at a time T^ of a first sample in the array; and 

Tv is a time corresponding to the first sample in the array 
Equations for "a" and "b" are: 

(N)([(Ti-T,)(Si)])-([Ti-Ti]) ([Si]) 
(N)(l(Ti-T,)^D-ttTi-T,])^ 



Eq. (3a) 



where: 

N: is 100 in the exemplary embodiment; 
Ti: ranges from T^ to J^^] and 
Si: ranges from to S,^. 

^ Then, at step 272, a comparison value (CI ) is determined as a function of three variables: "a", a predetermined baseline 
value (81 ), and a predetermined deadband value (D1 ). The predetermined values 81 .D1 are stored In the memory 50 
and are determined from baseline or calibration values for a particular parameter of RCP motor 2. Alternatively the 
predetermined values 81 .D1 may be determined from other sensed parameters of the RCP motor 2. The value of the 
predetermined deadband value (D1) may be zero. An Equation for C1 is provided by: 



CI =l(a-81)l-D1 Eq. (4) 



At step 274. if CI is less than or equal to zero, which indicates that the derivative "a" of the sensed value (S) is within 
^ an acceptable predetermined range for a new or newly refurbished motor, the routine exits. Othenvise, If CI is positive, 
the processor 44, at step 276, uses CI to index a lookup table in memory 50 and determine a predicted time (M) of 
operability of the RCP motor 2 before motor maintenance or inspection is required. Alternatively, the lookup table may 
indicate that motor maintenance or inspection is required during the next scheduled outage. Finally, at step 278, the 
processor 44 uses port 47 and outputs a report to printer 49. The report includes an identification of the sensed pa- 
^ rameter (S). the derivative (a) and the predicted time (M). Alternatively, the report indicates that motor maintenance or 
inspection is required during th next scheduled outage. 

[0033] Altematively. in select d RCP motor 2 subsystems, the predicted time (M) of operability of the RCP motor 2 
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may be calculated from one or both of the following Equations: 



M=dt = dS/a = |(Sp^ -S^)| /a Eq. {5b) 



^0 where: 



Jf^: is a typical maintenance inten/al, after manufacture or refurbishment, for the RCP motor 2; 
S^: Is a current sensed value; 
Sf^: Is a minimum acceptable sensed value; and 
^5 Sq: is a typical sensed value, after manufacture or refurbishment, of the RCP motor 2. 

[0034] The above described software routines compare a single sensed value, or a derivative of the sensed value, 
with a predetermined value, it being understood that the invention is applicable to multiple sensed values having multiple 
predetermined values. Referring now to Figures 2A and 3. an example of a subsystem utilizing multiple values is the 

2^ oil lift system 36. In the exemplary oil lift system 36, as discussed above with Figure 3, the rate of oil flow provided by 
the flowmeter 98 is corrected based on the oil temperature provided by the temperature detector 102. The rate of oil 
flow is well-known as a direct function of oil temperature. The exemplary processor 44 uses the sensed temperature 
to index a lookup table in memory 50 and determine a correction factor for the sensed oil flow. The processor 44 then 
multiplies the sensed oil flow by the correction factor, in order to obtain a corrected oil flow value at a standard tem- 

2^ perature. Alternatively, as discussed above, no temperature correction of the oil flow is provided, 

[0035] Regardless of whether temperature correction of theoil flow is provided, an indication of an oil line problem 
is provided by a step change in the oil flow sensed by the flowmeter 98, a step change in the oil pressure sensed by 
the pressure transducer 104, or by step changes in both the oil flow and the oil pressure. An indication of an oil leak 
(e.g., a cracked or broken oil line) is provided by a step increase in the oil flow and a step decrease in the oil pressure. 
Similarly, an indication of an oil line blockage is provided by a step decrease in the oil flow. In either case of a breakage 
or a blockage, the sensed pressure and sensed flow must be outside of the corresponding acceptable predetermined 
range for a new or newly refurbished motor. The predicted time (M) for motor maintenance, in either case, is determined 
from a minimum of the individual times determined by pressure and flow. Furthermore, the abov©*described report also 
includes an identification of whether there was a breakage or a blockage. 

35 [0036] Continuing to refer to Figure 3, an overall condition of the oil lift system 36, such as an oil line blockage or 
breakage, may also be detemriined. Expected changes in oil flow and oil pressure are empirically predetermined for 
various conditions of the oil lift system 36. These predetermined changes include an expected flow change (Fx) for a 
blocked oil line (e.g., line 86), an expected flow change (Fs) for two or more blocked spray nozzles (e.g., nozzles 74). 
an expected flow change (Fq) for an open oil line (e.g., line 86), and an expected pressure change (Pq) for an open 

^ oil line (e.g., line 86). Baseline values (Bp,Bp,BT) and deadband values (Dp.Dp.D-p) are also empirically determined for 
sensed oil flow, oil pressure and oil temperature (Sp,Sp.ST) from the corresponding sensors 98,104,102. respectively. 
[0037] A breakage condition, such as a completely open or broken oil line (e.g., line 86 or line 88) is generally 
indicated whenever sensed oil flow (Sp) exceeds the sum of the flow baseline and deadband values (i.e., Bp + Dp) and 
whenever sensed pressure (Sp) is less than the difference of the pressure baseline and deadband values (i.e., Bp -Dp). 

45 [0038] Alternatively, when ever sensed pressure (Sp) is within the pressure deadband range of the pressure baseline 
(i.e., (Bp - Dp) Sp (Bp + Dp)), then the possibility of a blocked condition is examined. In this case, whenever the sensed 
oil flow (Sp) Is less than the difference of the flow baseline and the expected flow change {fj) for a blocked oil line (i. 
e., Sp < (Bp -fj)), a blockage of a shoe oil line (e.g., line 86) is indicated. Similarly, whenever the sensed oil flow (Sp) 
is less than the difference of the flow baseline and the expected flow change (Fg) for multiple blocked spray nozzle 
lines (i.e., Sp < (Bp - Fs)), a blockage of two or more spray nozzles (e.g.. nozzles 74) is indicated. 

Claims 

5^ 1. An online system for diagnosing operability of a rotating electrical apparatus (2), the system comprising sensing 
means (38a-38c) for monitoring at least one operating parameter of the rotating electrical apparatus and producing 
at least one electrical signal whose value varies in dependence upon said parameter, data conversion means (42a- 



7 



EP 0 675 369 B1 



42c) for converting the at least one electrical signal into a corresponding at least one data value, and comparison 
means (260) for comparing the at least one data value with a predetermined baseline value, characterised in that 
the comparison means (260) produces a comparison value C according to the equation C=!(S-B)I-D where S is 
the data value, B is a predetermined baseline value and D is a predetermined deadband value, and in that signalling 
5 means (264, 266) is provided for outputting at least one signal related to a period of predicted operability of the 

rotating electrical apparatus if the comparison value C is greater than zero. 

- 2. The system as recited in Claim 1 , wherein the at least one predetermined deadband value is zero. 

10 3. The system as recited in' Claims 1 or 2. wherein the operating parameter relates to a non-electrical operating 
condition of said rotating electrical apparatus. 

4. The system as recited in Claim 3, wherein said rotating electrical apparatus has an oil lubrication system (36) and 
the non-electrical operating parameter relates to a condition of the oil lubrication system. 

IS 

5. The system as recited in Claim 4, wherein said sensing means includes an oil vapor analyzer 

6. The system as recited in Claims 4 or 5. wherein said sensing means includes flow sensing means (98) for sensing 
a rate of oil flow and pressure sensing means (104) for sensing an oil pressure. 

20 

7. The system as recited in Claims 4. 5 or 6, wherein said sensing means includes temperature sensing means (1 02) 
for sensing an oil temperature. 

8. The system as recited in Claim 6, wherein said signalling means outputs a first signal related to a blockage of the 
25 oil lubrication system and a second signal related to a breakage of the oil lubrication system. 

9. The system as recited in Claim 7. wherein said comparison means includes data correction means for correcting 
a value corresponding to the rate of oil flow as a function of a value corresponding to the oil temperature. 

30 10. The system as recited in Claim 3, wherein said rotating electrical apparatus has a bearing (118) and the non- 
electrical operating parameter relates to a condition of the bearing. 

1 1 . The system as recited in Claim 1 0, wherein said rotating electrical apparatus has a flywheel (1 2) and said sensing 
means includes a radial position proximity probe (136) for the fiywheel and/or an axial position proximity probe 

35 (138) for the flywheel. 

12. The system as recited in Claims 10 or 11 . wherein said rotating electrical apparatus has a thrust bearing (118) and 
said sensing means includes a load cell (1 40) for the thrust bearing and/or an RTD for the thrust bearing. 

40 13. The system as recited in Claims 10, 11 or 12, wherein said rotating electrical apparatus has a thaist bearing shoe 
(76) and said sensing means includes a proximity probe (148) for the thrust bearing shoe. 

14. The system as recited in Claims 10, 11, 12 or 13 wherein said rotating electrical apparatus has a heat exchanger 
(34) and said sensing means includes a water inlet temperature sensor (158) and a water outlet temperature 

45 sensor (1 60) for determining a temperature of the heat exchanger and/or an oil inlet temperature sensor (1 52) for 

the heat exchanger. 

15. The system as recited in any one of Claims 10 to 14, wherein sakJ rotating electrical apparatus has an oil bath 
(1 34) and said sensing means includes an oil temperature sensor (1 54) and an oil level sensor (156) for the oil bath. 

so 

Patentanspruche 

1. Online-System zum Diagnostizieren der Betrlebsfahigkeit einer umlaufenden eiektrischen Maschine (2), wobei 
55 das System Erfassungsmittel {38a bis 38c) zum UbeoA^chen mindestens eines Betriebsparameters der umlau- 

fenden eiektrischen Maschine und zum Erzeugen mindestens eines eiektrischen Signals aufweist, dessen Wert 
in Abhangigkeit von dem genannten Parameter variiert. Datenumsetzermittel (42a bis 42c) zum Umsetzen des 
mindestens einen eiektrischen Signals in mindestens einen entsprechenden Datenwert, und Vergleichsmittel (260) 
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zum Vergleichen des mindestens einen Datenwerts mit einem vorgegebenen Grundlinienwert aufweist, dadurch 
gekennzeichnet, daQ die Vergleichsmittel (260) einen Vergleichswert (C) entsprechend der Gleichung C = l(S-B) 
I - D erzeugt. wobei S der Datenwert. B ein vorgegebener Grundlinienwert, und C ein vorgegebener Totbandwert 
ist, und da3 Signalgebermittel (264. 266) vorgeselien sind. urn mindestens ein auf eine Periode yorhergesagter 
5 Betrlebsfahigkeit der umlaufenden elektrischen Mascliine bezogenes Signal auszugeben, wenn der Nfergleichs- 

wert C groBer als Null ist. 

2. System nach Anspruch 1 , wobei mindestens ein vorgegebener Totbandwert Null ist. 

10 3. System nach Anspruch 1 Oder 2, wobei der Betriebsparameter sich auf eine nichtelektrische Betriebsbedingung 
der umlaufenden elektrischen Maschine bezleht. 

4. System nach Anspruch 3, wobei die umlaufende elektrische Maschine ein Olschmiersystem (36) aufweist und der 
nichtelektrische Betriebsparameter sich auf einen Zustand des Olschmiersystems bezieht. 

75 

5. System nach Anspruch 4. wobei die Erfassungsmittel einen Oldampfanalysator umfassen. 

6. System nach Anspruch 4 Oder 5, wobei die Erfassungsmittel Stromungsertassungsmittel (98) zum Erfassen eines 
Olstromungsdurchsatzes und Druckerfassungsmittel (104) zum Erfassen eines Oldrucks enthalten. 

20 

7. System nach Anspruch 4, 5 oder 6. wobei die Erfassungsmittel Temperaturerfassungsmittel (102) zum Erfassen 
einer Oltemperatur enthalten, 

8. System nach Anspruch 6. wobei die Signalgebermittel ein erstes Signal, das eine Blockierung im Olschmiersystem 
25 bezelchnet, und ein zweites Signal ausgeben, das eine Unterbrechung im Olschmiersystem bezeichnet. 

9. System nach Anspruch 7. wobei die Vergleichsmittel Datenkorrekturmittel zum Korrigieren eines dem Olstro- 
mungsdurchsatz entsprechenden Werts als Funktion eines der Oltemperatur entsprechenden Werts umfassen. 

30 10. System nach Anspruch 3, wobei die umlaufende elektrische Maschine ein Lager (118) aufweist und der nicht 
elektrische Betriebsparameter sich auf einen Zustand des Lagers bezieht. 

11. System nach Anspruch 10, wobei die umlaufende elektrische Maschine ein Schwungrad (12) aufweist und die 
Erfassungsmittel einen Radialpositions-Annaherungsfuhler (136) fur das Schwungrad und/oder einen Axialposi- 

35 tions-Annahemngsfuhler (1 38) fur das Schwungrad aufweisen. 

12. System nach Anspruch 10 oder 12, wobei die umlaufende elektrische Maschine ein Schublager (118) aufweist, 
und die Erfassungsmittel eine Belastungszelle (140) fOr das Schublager und/oder einen RTD fOr das Schublager 
aufweisen. 

40 

13. System nach Anspruch 10, 11 oder 12, wobei die umlaufende elektrische Maschine einen Schublagerschuh (76) 
aufweist und die Erfassungsmittel einen Naherungsfuhler (148) fur den Schublagerschuh umfassen. 

14. System nach Anspruch 10, 11, 12 oder 13. wobei die umlaufende elektrische Maschine einen Warmetauscher 
45 (34) aufweist und die Erfassungsmittel einen WassereinlafBtemperaturfuhler (158) und einen W^sserauslaBtem- 

peraturfOhler (160) zur Bestimmung einer Temperatur des Warmetauschers und/oder einen 6leinla8temperatur- 
fuhler (152) fur den Waimetauscher umfassen. 

1 5. System nach einem der Anspruche 1 0 bis 1 4, wobei die umlaufende elektrische Maschine ein Olbad (1 34) aufweist 
so und die Erfassungsmittel einen Oltemperaturfuhler (1 54) und einen Olpegeifuhler (1 56) fur das Olbad umfassen. 



Revendications 

55 1 . Systeme en iigne de diagnostic de la capacite de fonctionnement d'un appareil electrique tournant (2). te syst^me 
comprenant des moyens formant capteurs {38a-38c) pour sun/eiller au moins un param6tre de fonctionnement 
de rappareil electrique toumant et pour produire au moins un signal Electrique dont la valeur varie en fonction 
dudit paramdtre, des moyens de conversion de donnees (42a-42c) pour convertir le au moins un signal electrkjue 
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en au moins une valeur de donn^es correspondante, et des moyens de comparaison (260) pour comparer la au 
moins une valeur de donn^es avec une valeur de base pr^d6termln§e, caract^risd en ce que les moyens de 
comparaison (260) produisent une valeur de comparaison C selon I'^quation C = I (S-B) I -D ou S est la valeur de 
donnees. B est une valeur de base predeterminee et D est une valeur de plage neutre predetemninee, et en ce 
s que des moyens de sortie de signal (264, 266) sont prevus pour fournir au moins un signal relatif k une periode 

de capacite de fonctionnement predite de Tappareil electrique toumant si la vaieur de comparaison C est superieure 
k z6ro. 

2. Systeme selon la revendication 1 , dans lequel la au moins une valeur de plage neutre predeterminee est egaie k 
10 z6ro. 

3. Systdme selon la revendication 1 ou 2, dans lequel le param^tre de fonctionnement concerne une condition de 
fonctionnement non-6lectrique dudit appareil Electrique toumant. 

IS 4. Systeme selon la revendication 3, dans lequel ledit appareil electrique tournant comprend un systeme de graissage 
k I'huile (36) et le paramdtre de fonctionnement non-Electhque concerne un Etat du systdme de graissage k I'huile. 

5. Systdme selon la revendication 4, dans lequel lesdits moyens formant capteurs comprennent un analyseur de 
vapeur d'huile. 

20 

6. Systdme selon la revendication 4 ou 5, dans lequel lesdits moyens formant capteurs comprennent un moyen de 
detection d'^coulement (96) pour ddtecter un debit d'ecouiement d'huile et un moyen de detection de pression 
(104) pour d^tecter une pression d'huile. 

25 7. Syst&me selon la revendication 4. 5. ou 6, dans lequel lesdits moyens formant capteurs comprennent un Inoyen 
de detection de temperature (102) pour ddtecter une temperature d'huiie. 

8. Systdme selon la revendication 6, dans lequel lesdits moyens de sortie de signal foumissent un premier signal 
concernant un blocage du systdme de graissage k Thuile et un second signal concernant une rupture du systdme 

30 de graissage k I'huile. 

9. Systeme selon la revendication 7. dans lequel lesdits moyens de comparaison comprennent des moyens de cor- 
rection de donnees pour corriger une valeur correspondant au ddbit d'dcoulement d'huiie en fonctlon d'une valeur 
correspondant k la temperature d'huiie. 

35 

10. Systeme selon ta revendication 3. dans lequel ledit appareil electrique toumant comprend un palier (118) et le 
parametre de fonctionnement non-eiectrique concerne un etat du palier. 

11 . Systeme selon la revendication 1 0, dans lequel ledit appareil electrique toumant comprend un volant (1 2) et lesdits 
40 moyens formant capteurs comprennent une sonde de proximite de position radiale (1 36) pour le volant et/ou une 

sonde de proximite de position axiafe (1 38) pour le volant. 

12. Systeme selon la revendication 10 ou 11, dans lequel ledit appareil electrique toumant comprend un palier de 
poussee (11 8) et lesdits moyens formant capteurs comprennent un capteur de force (1 40) pour le palier de poussee 

45 et/ou un detecteur de temperature pour le palier de poussee. 

13. Systeme selon la revendication 10, 11 ou 12, dans lequel ledit appareil electrique toumant comprend un patin de 
palier de poussee (76) et lesdits moyens formant capteurs comprennent une sonde de proximite (148) pour le 
patin de palier de poussee. 

so 

1 4. Systeme selon la revendication 1 0, 1 1 . 1 2 ou 1 3, dans lequel ledit appareil electrique tournant comprend un echan- 
geur de chaleur (34) et lesdits moyens formant capteurs comprennent un capteur de temperature d'entree d'eau 
(158) et un capteur de temperature de sortie d'eau (160) pour determiner une temperature de I'echangeur de 
chaleur et/ou un capteur de temperature d'entree d'huiie (152) pour I'echangeur de chaleur. 

55 

15. Systeme selon I'une quelconque des revendications 10^14. dans lequel ledit appareil electrique toumant com- 
prend un bain d'huiie (134) et lesdits moyens formant capteurs comprennent un capteur de temperature d'huiie 
(154) et un capteur de niveau d'huiie (156) pour le bain d'huiie. 
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FIG. 5 
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FIG. 6 
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